Trophoblast cells contribute in all the stages of pregnancy starting from implantation of the embryo to parturition through their unique inherent properties of invasion, proliferation, differentiation and endocrine secretions. Hence, successful outcome of pregnancy depends greatly on the coordinated functioning of the trophoblast cells which is brought about largely by the timely expression of integrins, adhesion molecules, cytokines, hormones and generation of nitric oxide. Loss of this coordination leads to adverse consequences like early pregnancy failures, preeclampsia, molar pregnancy and choriocarcinoma. In order to have better understanding of normal physiology of pregnancy and to assess the nature and causes of these pathological situations, in depth study of trophoblast function has been carried out by us and several other investigators.
INTRODUCTION
Implantation of embryos in the wall of the uterus is a basic feature of mammalian reproduction. It is the result of a complex series of interactive steps beginning with fixation of the blastocyst in the uterus and ending with formation of a definitive placenta. Normal pregnancies depend on successful implantation of the embryo in the uterus. Failures in implantation and placental development are clinically important. About one third of the normal human pregnancies end in very early spontaneous abortions of which 22% occur before pregnancy is detected clinically (1) . Furthermore, seemingly minor defects in early implantation often result in late pregnancy disorders. Preeclampsia is correlated with abnormalities in vascular connections resulting from early malimplantation and has severe morbidity consequenes for the mother and / or fetus.
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The first attachment of the developing embryo to the uterus occurs through the trophoblast cells (Fig.l) . The unique cell adhesion process of the trophoblast to the endometrium at the time of implantation and its subsequent invasion to the maternal tissue is delicately balanced through the expression of specific cell adhesion molecules, substrate adhesion molecules and endocrine, paracrine, autocrine signals (2) . The process can be viewed as a series of distinct events, many of which are similar to that of an inflammatory reaction and is greatly influenced by the factors present in the uterine microenvironment. This includes hormones, growth factors, inflammatory and Trophoblast cells have remarkable growth and invasive properties so that they come to resemble neoplastic characteristics. However, unlike tumor invasion and proliferation, trophoblastic invasion is precisely regulated, confined spatially to the endometrium of the uterus and temporally to early pregnancy. A breakdown of such regulatory mechanism probably leads to pathological conditions like hydatidiform mole, choriocarcinoma etc. Knowledge about the regulatory mechanisms involved in this control and the tactors regulating the process is very scanty. It is also not known whether it is an intrinsic property of the trophoblast cells or depends on the microenvironment provided by the hormone primed, growth factor rich utero-placental unit.
e.g. nitric oxide and oxygen, have recently come to light for their contribution to cellular proliferation and invasion. We discuss here as to how trophoblast functions are modulated by these autocrine/paracrine factors.
Cell Adhesion Molecules And Integrins In Trophoblasts
Adhesive interactions between the blastocyst and the uterine endometrium is one of the critical processes in embryo implantation. Knowledge of cell adhesion mechanisms has increased significantly in recent years and this has lead to investigations of the molecular events underlying the phenomenon of attachment and subsequent interstitial penetration of the embryo. While cell adhesion molecules are involved in cell-cell interactions, the integrins present on the trophoblast cells function as membrane receptors for the various extracellular matrix proteins like fibronectin, laminin etc. which are abundant in maternal decidua (3) . It is suggested that the onset of trophoblast adhesive and migratory behaviour at the time of implantation may be due to changes in expression or distribution of integrin receptors (4-6). Integrin subunits al, cc 2, c~ 4, ~ 5, c~ 7 and 133 are expressed in normal trophoblast cells of the preimplantation and implanting mouse embryos (7). It has also been shown that abnormal expression of cc4, ccv and 131 may be associated with implantation failure and abnormal placental development (6) . Regulation of integrin expression during blastocyst activation and implantation is however, not known. Our studies have recently shown that steroids modulate the expression ofcr integrin on the mouse blastocyst and a differential expression is observed Recent findings however, hypothesize the probable role of growth factors and cytokines in the regulation of invasiveness by controlling the activity of matrix proteinases as well as cellular proliferation in the neoplastic cells. Cells and molecules initially thought to be involved in events of pure immunological function now seem to be of prime importance as determinants of optimal placental function. These soluble mediators secreted by the lymphocytes, macrophages, uterine tissues as well as trophoblast cells themselves may profoundly modulate trophoblastic phenotype acting in an autocrinelparacrine manner. The downstream regulators to these external signals like intracellular second messengers and other diffusible molecules with exposure to progesterone and estrogen (under publication). We proposed for the first time that both c{4 and r$1 integrins responsible for binding to fibronectin and VCAM-1 are induced by estradiol and while c~4 expression is down regulated by progesterone, expression of 1~1 remains unchanged.
Cytokines and Growth Factors in Trophoblasts
The proliferation, invasion and eventual differentiation of trophoblast cells are tightly controlled. Such complex processes are normally coordinated by a system of close intercellular signalling mediated by soluble molecules. Cytokines are important examples of these molecules. They are involved in the regulation of cellcell interactions and tissue remodelling in a variety of normal and pathological conditions.
The biological functions of cytokines are difficult to evaluate, especially in vivo, because a cell is likely to be exposed to a cocktail of cytokines at any one time resulting in synergistic or antagonist interactions, the sum of which dictates the final signal transmitted to the cell. Furthermore, many cytokines exhibit activities so diverse as to seem unrelated and structurally dissimilar cytokines may have similar functions. Constitutive production is usually low or absent, but is induced by a variety of stimuli acting at the level of transcription or translation.
IL-1 has been shown to be involved in implantation process and a correlation of high levels of secretion of Ii.-1 has been observed with successful implantation after in vitro fertilization (8) . Furthermore, expression of IL-1R by human endometrial epithelium is reported to peak at the secretory phase of the cycle, which is the time when implantation would occur (9) . Taken together, these findings indicate that the secretion of IL-1 at the time of implantation is crucial. This is further substantiated by the fact that IL-1 acts in a paracrine manner to increase the hCG production (t0) and upregulates CSF-1 by autocrine manner. IL-6 is also implicated in augmentation of hCG by trophoblast cells. Using human trophoblast cell culture system, we have shown by RT-PCR that the mononucleated cytotrophoblast cells express both IL-lc~ and IL-6 maximally (communicated). The expression of both these cytokines reduces as the cells differentiate to form syncytiotrophoblast. It appears thus, that although, different cells may contribute to the presence of IL-1 and IL-6 in the uterine milieu, trophoblast cells synthesize their own IL-1 and 1L-6 which then act in an autocrine manner to modulate trophoblast function and hormone secretion.
Using the human trophoblast cell culture system, we had reported previously that hCG secretion is also modulated by GnRH produced by the trophoblast cells and the receptors for GnRH are induced by estradiol (11) . The gonadotropin (hCG) thus produced stimulates progesterone secretion by the trophoblast cells in an autocrinel paracrine manner. This stimulatory effect of hCG on trophoblast cells involves multiple regulatory processes like at the level of LDL utilization and cytochrome P450 SCC enzyme, the latter step mediated via cAMP (12) .
Effect Of Growth Factors & Cytokines On Trophoblast Proliferation
During early embryo development and subsequent placentation, the trophoblast cells are Among all the ligands used, the trophoblast cells were found to be more sensitive to bFGF, TGF-131 and TGF-132. Not only these factors induced proliferation at a low concentration but also brought about much higher degree of proliferation ( Table 1 ) . The Ki67 index and BrdU incorporation data also substantiated the findin.gs obtained with MTT conversion assay. The proliferation index (Ki67) and mean fluorescence_[intensity obtained with these two assays were however, highest with IL-6, IL-lcc, and TNF-~.
Effect of Nitric Oxide on Trophoblast Functions
In the placental tissue, trophoblast cells are surrounded by endothelial cells as well as macrophages, all of which express different isoforms of nitric oxide synthase leading to the local generation of nitric oxide (NO). In recent years, nitric oxide has been proposed as an intracellular messenger for cellular proliferation and differentiation. The enzyme responsible for the synthesis of NO is localized in the placenta as well as in the uterus.
Our studies have shown for the first time the presence of nNOS in the human trophoblast cells and a previously unrecognized role of NO in the modulation of trophoblast proliferation (14) . Nitric oxide induces proliferation of human trophoblast cells. The mechanism by which such a control may be exerted needs to be further elucidated.
